ABSTRACT. A specific, enzyme-linked immunoabsorbent assay was used to determine the concentration of the 35,000 mol wt surfactant apoprotein (SP-A) in samples of amniotic fluid obtained from nondiabetic (n = 358) and diabetic (n = 29) women. The enzyme-linked immunoabsorbent assay was performed with rabbit antibodies directed against SP-A present in lavage fluid from a patient with alveolar proteinosis. Amniotic fluid SP-A concentrations increased as a function of gestational age, from <3 jtg/ml at 30-31 wk to 24 pg/ml at 40-41 wk, and were positively correlated with the lecithin to sphingomyelin ratio ( p < 0.01). SP-A concentrations also increased as a function of gestational age in shake test positive samples ( p < 0.05), but were unchanged in shake test-negative samples. There was no difference in the surfactant apoprotein concentration of male compared with female fetuses at any gestational age. In amniotic fluid obtained from 20 diabetic women, SP-A levels were significantly less than in nondiabetic pregnancies that were matched for gestational age and sex of the fetus ( p < 0.05). The SP-A concentrations in amniotic fluids obtained from nine women who were diabetic and hypertensive and from 10 hypertensive women were not different from matched controls. The relationships described above were valid whether the SP-A concentration was expressed per mg protein or per ml amniotic fluid. These data are suggestive that the concentration of amniotic fluid SP-A is decreased in diabetic pregnancies. (Pediafr Res 24: 728-734, 1988) 
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ABSTRACT. A specific, enzyme-linked immunoabsorbent assay was used to determine the concentration of the 35,000 mol wt surfactant apoprotein (SP-A) in samples of amniotic fluid obtained from nondiabetic (n = 358) and diabetic (n = 29) women. The enzyme-linked immunoabsorbent assay was performed with rabbit antibodies directed against SP-A present in lavage fluid from a patient with alveolar proteinosis. Amniotic fluid SP-A concentrations increased as a function of gestational age, from <3 jtg/ml at 30-31 wk to 24 pg/ml at 40-41 wk, and were positively correlated with the lecithin to sphingomyelin ratio ( p < 0.01). SP-A concentrations also increased as a function of gestational age in shake test positive samples ( p < 0.05), but were unchanged in shake test-negative samples. There was no difference in the surfactant apoprotein concentration of male compared with female fetuses at any gestational age. In amniotic fluid obtained from 20 diabetic women, SP-A levels were significantly less than in nondiabetic pregnancies that were matched for gestational age and sex of the fetus ( p < 0.05). The SP-A concentrations in amniotic fluids obtained from nine women who were diabetic and hypertensive and from 10 hypertensive women were not different from matched controls. The relationships described above were valid whether the SP-A concentration was expressed per mg protein or per ml amniotic fluid. These data are suggestive that the concentration of amniotic fluid SP-A is decreased in diabetic pregnancies. (Pediafr Res 24: 728-734, 1988) Abbreviations RDS, respiratory distress syndrome SP, surfactant apoprotein L/S, lecithin to sphingomyelin ratio ELISA, enzyme-linked immunoabsorbent assay PBS, phosphate-buffered saline ANOVA, analysis of variance is comprised of both phospholipid (-80%) and protein (-10%) components (2) . The concentration of surfactant phospholipid, in particular dipalmitoylphosphatidylcholine, increases in amniotic fluid as a function of gestational age (3) . The most commonly used means of assessing fetal lung maturation is the determination of the L/S ratio, an index of the amniotic fluid concentration of surfactant-derived saturated phosphatidylcholine relative to sphingomyelin, a phospholipid whose concentration in amniotic fluid does not change as a function of gestational age (4) . Several investigators have reported that the concentration of the 35,000 mol wt SP-A in amniotic fluid increases as a function of gestational age, similar to the increase in surfactant phospholipid (5) (6) (7) (8) (9) . Recently, low rnol wt, hydrophobic SP-B and SP-C have been described (10, 1 I). In contrast to SP-A, the fetal lung and amniotic fluid concentrations of the low mol wt, hydrophobic surfactant apoproteins apparently increase several weeks before the commencement of augmented surfactant secretion by the fetal lung (12, 13) . The fetuses of women with diabetes (at least those in which the diabetes is not carefully controlled) are known to have an increased risk of developing RDS at birth (14) . Several investigators have found that the L/S ratio is not a reliable predictor of lung maturation in pregnancies complicated by diabetes (1 5, 16) . Because the fetus of the diabetic mother is known to be hyperinsulinemic, it has been proposed that the deleterious effects of maternal diabetes on the fetus are due to elevated fetal plasma insulin levels (17, 18) . In previous studies, we have shown that insulin, when added alone to serum-free medium, has no effect on surfactant phospholipid synthesis by human fetal lung tissue maintained in vitro (19, 20) . In a more recent study, however, we have shown that insulin does inhibit the accumulation of SP-A in human fetal lung tissue maintained in vitro (2 1) . Thus, we postulate that the infant of the diabetic mother may have an increased risk of developing RDS because its surfactant is deficient in SP-A relative to phospholipids. It has been shown that SP-A, acting alone or in concert with the low rnol wt, hydrophobid surfactant apoproteins, facilitates the spreading of surfactant phospholipids at an air-water interface (22, 23) .
To test this hypothesis further, we determined the concentration of SP-A in amniotic fluid sam~les obtained from 358 The leading cause of death in preterm neonates is RDS, a nondiabetic pregnancies and from 29 diabetic pregnancies. Our disorder that is caused by an immaturity in the synthesis and results are suggestive that the surfactant produced by the infant secretion of surfactant by the fetal lung type 11 cell (1). Surfactant of the diabetic mother is characterized by a decreased cOncentration of SP-A. 729 material, which was not purified further, was used to immunize rabbits to raise polyclonal antibodies directed against SP-A. The serum obtained from the immunized rabbit was preabsorbed overnight with human serum in order to remove antibodies directed against serum proteins. The preabsorbed antiserum was centrifuged at 12,000 x g for 10 min before use. To validate the use of this antibody for measurement of the surfactant apoprotein in amniotic fluid, an immunoblot of term amniotic fluid proteins, separated by 2-dimensional gel electrophoresis, was performed using the preabsorbed rabbit antiserum as the source of primary antibody (2 1, 25) . Description of the assay for the 35,000 mol wt SP-A. An ELISA was used to quantify SP-A in amniotic fluid samples. Antigencoated, 96-well microtiter plates (Nunc Immuno Plate I1 F, Roskilde, Denmark) were prepared by incubating each well with 200 pl of coating buffer (0.1 M Na carbonate, pH 9.6) that contained 100 ng purified surfactant apoprotein. The plate was incubated overnight at 4" C to facilitate adherence of the surfactant apoprotein to the bottom of the well. The surfactant apoprotein used to coat the dishes and used for standards was purified from alveolar proteinosis material by delipidation, followed by Afiigel blue chromatography, as described by the manufacturer (BioRad, San Mateo, CA), to remove serum proteins. Protein concentrations of the SP-A standards and amniotic fluid samples was determined by the method of Lowry et al. (26) .
A second plate was used to incubate the SP-A standards and amniotic fluid samples with the rabbit antiserum directed against SP-A. All standards and samples were diluted in PBS-Tween buffer [NaCl (0.14 M), PO4 (0.1 M), Tween-20 (0.005%), pH 7.21 and were assayed in triplicate. The standard curve ranged from 1 ng/ml to 10 pg/ml. The amniotic fluid samples were diluted to two different protein concentrations, generally 25 and 50 pg total protein/ml. The samples and standards were added to the wells in a volume of 150 p1. An equal volume of the rabbit antibody directed against surfactant apoprotein was added to each well. The final dilution of the antibody was 1:5,000. The plate that contained the amniotic fluid samples and standards plus primary antibody was incubated overnight at 4" C to facilitate binding of the antibodies to SP-A.
The next morning the antigen-coated plates were washed two times with PBS-Tween buffer (200 pl/well/wash). After the washes, 200 p1 of the content of each of the wells in the plate that contained the standards or amniotic fluid samples plus primary antibody were transferred to the antigen-coated plate. The plates were incubated for 30 min at room temperature, then washed two times with PBS-Tween buffer. During this step of the ELISA, any free primary antibody (i.e. that had not been bound to the SP-A in the standards or amniotic fluid samples) binds to the antigen coating the bottom of the plate. The bound primary antibody was detected by incubating the wells with a second antibody, goat anti-rabbit IgG conjugated to horseradish peroxidase (Collaborative Research, Lexington, MA), diluted 1500. After a 2-h incubation at room temperature, the plate was washed two times with PBS-Tween buffer. A total of 200 p1 of substrate (0.05% 0-diphenylamine, 0.03% H202 in distilled water) were added to each well. After a 30-min incubation at room temperature, the reaction was stopped by adding 50 p1 of H2S04 (2 M) to each well, then the absorbance in each well was read at 492 nm using an ELISA reader (Titertek Multiskan, Eflab/oy, Helsinki, Finland). A standard curve was generated by plotting the absorbance versus the log of the SP-A concentration. The concentration of the apoprotein in the amniotic fluid samples was calculated using regression analysis. The surfactant apoprotein concentration in each amniotic fluid sample was calculated from the mean of six determinations, i.e., triplicate determinations at two different protein concentrations. The interassay variation was 10%.
Amnioticfluid samples. Amniotic fluid samples were obtained from two sources. The majority of amniotic fluid samples used in this study were obtained from the clinical laboratory in which L/S ratio and shake tests are performed to evaluate lung maturation in the fetuses of pregnant women treated at Parkland Memorial Hospital, Dallas, TX. These samples (n = 263) were obtained by amniocentesis performed at Parkland Hospital and had been stored at -20" C. Another series of amniotic fluid samples (n = 95) were obtained at the time of elective cesarian section. These samples, as well as those obtained by amniocentesis, were centrifuged at 600 x g for 10 min to remove cells and debris before freezing.
Clinical data. Information concerning the mother and fetal/ neonatal outcome was available in data bases maintained by the Departments of Pediatrics and Obstetrics-Gynecology at Southwestern Medical School. Further data on the clinical outcome of 7 1 infants were obtained by detailed chart review. These infants were chosen because they had one or more of the following characteristics: low Apgar scores, low birth weight, maternal diabetes, or admission to the Special Care Nursery. Respiratory distress syndrome was diagnosed when an infant required more than 40% supplemental oxygen for more than 24 h, had clinical signs of the disease, had a chest radiograph consistent with the diagnosis, and had no clinical or laboratory evidence of sepsis/ pneumonia. Transient tachypnea of the newborn was diagnosed when an infant required less than 40% oxygen for less than 2-3 days, had tachypnea without dyspnea, had a chest radiograph not diagnostic of RDS and/or pneumonia, and had no evidence of infection. Gestational age at the time of amniocentesis was calculated from the last menstrual period and was verified by a research nurse by chart review. The charts of all the diabetic and hypertensive patients were reviewed in detail to verify diagnosis and degree of diabetic control.
Data analysis. The data were anlayzed by one-or two-way analysis of variance. Newman-Keuls, multiple range test and Student's t test were used to assess statistical differences between groups. Linear regression analysis was performed to assess the relationships between gestational age, surfactant apoprotein concentration, and the lecithin to sphingomyelin ratio. Data are expressed as the mean k SEM.
To compare the diabetic, diabetic and hypertensive, and hypertensive groups to normal pregnancies, each experimental sample was pair-matched with two controls on the basis of gestational age and sex of the fetus. The matched pairs were then compared by Student's t test.
RESULTS
Characteristics of ELISA. A 2-dimensional sodium dodecyl sulfate polyacrylamide gel separation of the purified human surfactant apoprotein that was used as a standard in the ELISA is shown in Figure 1A . This material was purified by delipidation and affinity chromatography of lavage material obtained from a patient treated for alveolar proteinosis. To establish the specificity of the antibody used in the ELISA, 200 pg of total protein present in an amniotic fluid sample obtained at term were separated by 2-dimensional gel electrophoresis, transferred to nitrocellulose paper, then probed using the rabbit antibodies directed against SP-A. The bound rabbit antibodies were detected by use of an ['251]-goat anti-rabbit IgG (21) . As illustrated in Figure 1 B, the rabbit antibodies recognize SP-A in amniotic fluid. The streak at about 65 kDa is an artifact of the blotting procedure.
A typical standard curve for the surfactant apoprotein ELISA is shown in Figure 2 . The assay was linear from about 10 to 500 ng/ml. In a preliminary experiment, amniotic fluid samples were obtained by amniocentesis from a pregnancy at 16 wk of gestation and from a term gestation pregnancy. As shown in Figure  2 , there was no immunoreactive material in the 16-wk amniotic fluid sample when assayed at several protein concentrations. The immunoreactive material in the term amniotic fluid sample, however, showed parallelism with the surfactant apoprotein standard over a wide range of protein concentrations. Concentration of surfactant apoprotein in normal pregnancies. The concentration of surfactant apoprotein in amniotic fluid increased as a function of gestational age (Fig. 3 ). An increase in the concentration of the surfactant apoprotein in amniotic fluid was first observed at about 32 wk of gestation. There was a great deal of variation in individual values; when grouped into 1-or 2-wk intervals, however, the observed increase was significant as assessed by ANOVA. A similar increase in the surfactant apoprotein concentration was observed irrespective of whether the data were expressed per mg protein ( p < 0.05 by ANOVA, Fig.  3 A ) or per ml of amniotic fluid ( p < 0.05 by ANOVA, Fig. 3B ).
The concentration of total protein in the amniotic fluid samples used in this study declined as a function of gestational age until 32-34 wk of gestation after which it remained relatively constant at 3.5 pg/pl (Fig. 4) . Thus, at the time in gestation when the surfactant apoprotein concentration in amniotic fluid is increasing, the total protein concentration in amniotic fluid is relatively constant. The surfactant apoprotein concentration also was measured in eight amniotic fluid samples obtained at 42-43 wk of gestation. The variance in these samples was particularly high, i.e., a mean of 37.3 k 14.7 pg surfactant apoprotein/ml amniotic fluid. There is considerable evidence that lung maturation is delayed in male fetuses when compared to female fetuses (27) . Therefore, we grouped data concerning the concentration of amniotic fluid SP-A according to sex within 2-wk intervals (Fig. 5) . Although the levels of SP-A rose with increasing gestational age, there was no significant difference in the surfactant apoprotein concentration in male compared with female fetuses at any gestational age as determined by two-way ANOVA.
Comparison of surfactant apoprotein concentration with other indices of fetal lung maturation. The shake-test results of 214 amniotic fluid samples were available for analysis. The surfactant apoprotein concentration increased as a function of gestational age in the shake-test positive amniotic fluid samples ( p < 0.05, ANOVA, n = 93) (Fig. 6) . In the shake-test negative amniotic fluid samples (n = 121), however, the surfactant apoprotein concentration remained at a relatively constant low value at every gestational age examined (Fig. 6) . The difference between the surfactant apoprotein concentration in shake-test negative and shake-test positive samples was significant by two-way AN-OVA ( p < 0.05). Similar results were obtained when the data were expressed per ml amniotic fluid.
The L/S ratios from 145 amniotic fluid samples also were available for analysis. By linear regression analysis, a significant positive correlation was found between the L/S ratio and SP-A concentration in amniotic fluid when expressed per ml amniotic fluid or per mg amniotic fluid protein ( p < 0.05, r = 0.22) (Fig.   7) . A higher degree of correlation was obtained when the log of the L/S ratio and log of the SP-A concentrations were analyzed ( p < 0.001, r = 0.44).
Surfactant apoprotein concentration in amnioticfluid obtained from diabeticpregnancies. Amniotic fluid samples were available from 29 pregnant diabetic women, nine of whom were also hypertensive. We also determined the concentration of SP-A in amniotic fluid from 10 hypertensive women. The mean gestational age in the three groups and their matched controls were not different from each other ( Table 1 ). The mean birth weight of the diabetic group was significantly greater than the mean birth weight of its matched control group. The mean birth weights of the other two groups and their matched controls were not different from each other. The mean L/S ratios in the three groups were not different from their matched control groups or from each other. The amniotic fluid SP-A concentration in diabetic, normotensive women was decreased when compared to that in a matched control group of nondiabetic women ( p < 0.05, Student's t test) (Fig. 8) . Although the SP-A concentration in the nine diabetic, hypertensive women was not statistically different from that in a matched control group (Fig. 8) , the probability was equal to 0.061; with the addition of more values this difference may approach significance. The SP-A concentration in the hypertensive group tended to be higher than in the matched control group, however, the difference was not significant (p < 0.22) (Fig. 8) .
The relationship between the surfactant apoprotein concentration and the L/S ratio in the amniotic fluid samples obtained from pregnancies complicated by diabetes was analyzed using linear regression. A significant correlation between the log of the L/S ratio and the log of the SP-A concentration was observed ( p < 0.05, r = 0.60). Furthermore, the slope of the regression line was lower and significantly different from the slope of regression line determined for amniotic fluid samples obtained from normal pregnancies (Fig. 7) . Thus, at the same L/S ratio, a lower concentration of amniotic fluid SP-A is found in the diabetic woman as compared to that in a nondiabetic woman. The total protein concentration in amniotic fluid samples obtained from diabetic women was not statistically different from that in nondiabetic women when grouped according to gestational age (data not shown). When the charts of the infants of diabetic women were reviewed ( n = 29), there were no cases of RDS. Moreover, in only one infant did transient tachypnea occur, a 4030-g term male who also was large for gestational age. (21) . It is also present in high concentrations in delipidated surfactant obtained from patients treated for alveolar proteinosis and in delipidated surfactant obtained from the washes of cadaveric human lungs (2 1, 24). Thus, there is abundant evidence that SP-A is an integral component of lamellar bodies, the intracellular storage form of surfactant, and of secreted alveolar surfactant. It is not surprising, therefore, that the amniotic fluid concentration of SP-A increases as a function of gestational age (5) (6) (7) (8) (9) . The temporal pattern of the increase in amniotic fluid SP-A observed in our study is comparable to that reported by McMahan et al. (9) and Kuroki et al. (7) , although we detected somewhat higher concentrations of SP-A in amniotic fluid than did these investigators. The purity of our reference preparation was evaluated by 2-dimensional gel electrophoresis and its protein concentration was assessed by repeated protein measurements throughout the study. We also first detected an increase in the SP-A amniotic fluid concentration at about 32-33 wk of gestation, somewhat earlier than is apparent from the data presented by McMahan et al. (9) and Kuroki et al. (7) , yet similar to the data reported by Shelley et al. (6) . The temporal patterns of the increase in amniotic fluid surfactant apoprotein concentration in the present study were similar when expressed per ml or per mg protein. Inasmuch as the amniotic fluid protein concentration remains relatively constant from 32 wk to term, the SP-A data from 32 wk to term appear to be valid regardless of amniotic fluid volume. It is known that the amniotic fluid volume in the human decreases during the last 10 wk of gestation (29) . This may account, in part, for the slightly steeper rate of SP-A increase observed after 30-32 wk of gestation when expressed per ml amniotic fluid, although as pointed out by Nelson and Nelson (30) , changes in amniotic fluid volume from 30-39 wk of gestation have minor effects on surfactant concentration measurements.
It has been reported by many investigators that male fetuses are at an increased risk to develop RDS (27) . Torday et a/. (3 1) have observed a difference in the L/S ratios in amniotic fluid of male versus female fetuses when expressed as a function of gestational age. In addition, experimental evidence has been presented that is suggestive that the androgen, dihydrotestosterone, inhibits fetal lung type I1 cell maturation, especially with respect to phospholipid metabolism (32). We did not find a difference in SP-A concentration of male compared with female fetuses. This may be due to an inadequate number of samples in our analysis; or alternatively, SP-A may not be regulated differently in male and female fetuses. We have observed in a previous study that the phospholipid and protein components of surfactant may be regulated in an independent manner in human fetal lung tissue (2 1). We compared the results of the SP-A ELISA to the results of the shake-test and to the L/S ratio for many amniotic fluid samples. When the SP-A concentration was evaluated according to the results of the shake-test, a striking difference was observed. The shake-test negative amniotic fluid samples had uniformly low surfactant apoprotein concentrations, regardless of gestational age. The biochemical basis for the shake-test is not well understood (28) . Our data are suggestive, however, that SP-A may be involved in the generation of a positive shake-test result, inasmuch as the surfactant apoprotein concentration was significantly greater in shake-test positive amniotic fluid samples at 35 wk of gestation and thereafter. Furthermore, SP-A is known to be involved in the formation of tubular myelin, a form of surfactant that is thought to give rise to the monolayer of surfactant which lines the aqueous lining of the alveolus (22) .
We also observed a highly significant correlation between the SP-A concentration and the L/S ratio. Katval et al. (8) and Shelley et al. (6) have observed a similar corriation, as Gel1 as a correlation of SP-A concentration with amniotic fluid phosphatidylglycerol concentration.
In the present study, we found a significantly lower concentration of SP-A in 20 amniotic fluid samples obtained from pregnancies complicated by diabetes alone when compared to the SP-A concentration in amniotic fluid obtained from matched, nondiabetic pregnancies. Katyal et al. (8) have reported similar results using data from only four diabetic pregnancies. Recently, however, McMahan et al. (9) have reported that the SP-A concentration in amniotic fluid obtained from 30 pregnancies of diabetic women was not different from that in matched pregnant, nondiabetic women. The reasons for the discrepancy between the data of McMahan et al. (9) and our own data are not clear. The pair-matched samples in the study of McMahan et al. (9) ranged from 30-43 wk of gestation, a group that includes the extremes of the SP-A concentration in amniotic fluid. The range of gestational ages in our diabetic group was from 36-40 wk. In addition, McMahan et al. (9) stress that the diabetic women in their study were very well controlled with respect to glucose levels. Thus, it is possible that the fetuses of the diabetic women in the study of McMahan et al. (9) were not hyperinsulinemic or were less hyperinsulinemic than the fetuses of the women included in our study. Blood glucose control in the diabetic patients included in this study was variable and overall control may be considered as fair by many (33) . The majority of our patients were maintained on insulin, using both short-and longacting insulin, as well as dietary control. Moreover, more than 40% of our patients were diagnosed during the third trimester of pregnancy and had only short-term attempts at control of blood glucose.
We observed no difference between the mean L/S ratios of amniotic fluids obtained from diabetic and matched nondiabetic women, results in agreement with several studies (9, 13) . Interestingly, in our previous studies we have never observed an inhibitory effect of insulin, when added alone, on the rate of surfactant phospholipid synthesis and lamellar body phosphatidylglycerol content in human fetal lung explants maintained in vitro. In fact, we have consistently observed a stimulatory effect of insulin, in combination with cortisol or cortisol plus prolactin, on phospholipid synthesis and lamellar body phosphatidylglycerol content. Thus, the data in the present study are in agreement with our previous in vitro findings that the deleterious effects of insulin on surfactant metabolism may be restricted to effects on the apoprotein component of surfactant and not on the phospholipid components.
None of the infants of diabetics included in our study developed RDS. This may reflect the small number of infants studied and/or the age at which they were delivered. Therefore, it was not possible to evaluate the predictive value of the SP-A concentration in amniotic fluid with respect to the incidence of RDS in this population. In addition, because diabetes is a heterogeneous disease with several subgroups, it would be important to evaluate the SP-A concentration in amniotic fluid as a function of the severity of the maternal diabetes as well as the association with hypertension. A total of 14 of the 20 diabetics included in our study were gestational diabetics, i.e. type A according to White's classification whereas four were type B and two were type C. Although the SP-A concentration was decreased in all three subgroups, the greatest inhibitory effect observed was in the type A subgroup. Finally, nine of the diabetic women had hypertension; interestingly their SP-A concentration was not different from their matched nondiabetic controls.
In conclusion, although our results demonstrate that the SP-A concentration is decreased in amniotic fluid from diabetic women after 36 wk of gestation, its relationship to the occurrence of RDS is unclear, necessitating the accumulation and study of larger populations.
